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PREFACE 


Th«  following  thesis  is  the  result  sf  an  ex- 
perimental study  of  a  01 she  Photoneter,  carried 
en  in  the  labatory  of  Armour  Institute  ef  Technol- 
egy.  While  being  only  a  partial  study  of  the 
Globe  Photometer,  it  is  trusted,  that  the  data 
herein  contained,  will  be  of  some  value  te  those 
interested  in  the  determination  of  the  mean  spher- 
ical candle  power  by  one  obserration. 

We  desire  te  express  eur  indebtedness  to 
the  professors.  Assistants,  and  to  all  who  kindly 
rendered  us  assistance  in  the  procuring  ef  the 
necessary  apparatus  with  which  the  rarious  tests 
were  carried  on. 

Arthur  Ao  Perrine 
Geo.  Q.  Ooheen. 
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mTRODUOTION. 

SlUoh  attention  laaa  been  glren  in  the  last 
few  years  to  the  developement  of  photometers  <Le- 
signed  for  the  measurement  of  mean  spherical  ani 
mean  hemispherical  intensities  of  light  source. 
Among  other  instruments  of  this  type  that  have 
appeared  may  be  mentioned  particularly  the  Globe 
photometer.  Measurements  were  made,  as  Car  back 
as  the  Franklin  Institute  in  Philadelphia  in  1384, 
of  the  mean  spherical  candle-power  of  incandes<» 
cent  lamps,  and  through  these  measurements  this 
term  was  introduced  into  lamp  practice  in  this 
co\intry. 

The  method  used  by  the  early  experimenters 
was  to  determine  the  candle-power  in  a  large  num- 
ber %t   directions  distributed  uniformly  orer  an 
imaginary  sphere  surroxonding  the  lamp.  This 
method  which  has  been  frequently  resorted  to,  is 
very  laborious,  but  leads  to  substantially  accu- 
rate results. 

Several  form  of  integrating  or  summation 
devices  have  been  developed  at  different  times, 
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but  none  hare  been  as  simple  in  construction  or 
as  satisfactory  as  the  Globe  photometer. 

The  Globe  Photometer  is  a  simple  instrument 
intended  for  the  measurement  of  mean  spherical 
candle-power  of  a  source  at  one  reading,  and  was 
described  by  prof.  R.  TJlbricht,  as  long  ago  as 
1900  in  the  Elect rotechnische  Zeitschrift .  It  did 
not  however,  come  into  very  general  use  until  the 
year  1905,  when  it  was  investigated  simultaneous- 
ly in  several  labatories  in  Europe,  and  the  r«.- 
sults  obtained  were  very  satisfactory.  Since 
that  time  the  use  of  the  Globe  Photometer  has  sx- 
tended  very  rapidly  in  Germany,  where  it  is  to  be 
found  in  nearly  all  photometrical  laboratories 
and   has  proved  itself  of  great  value  in  the  hands 
•f  capable  workers.  On  the  other  hand,  possibly 
because  the  Matthews  integrating  photometer  has 
been  used  in  the  leading  photometric  labatories 
in  this  country,  the  investigation  of  the  Globe 
Photometer  has  been  taken  up  slowly,  although  its 
simplicity  and  other  meritorious  features  have 
been  appreciated. 
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DISORIPTION  OF  APPARATUS. 

Tlie  apparatus  used  for  determining  the  con- 
stants of  the  Globe  Photometer  consists  of  two 
parts,  the  spherical  shell  or  globe  and  the  inn 
stirument  used  for  the  purpose  of  measuring  the 
intensity  of  the  beam  of  light  from  the  window. 

The  globe  is  as  its  name  signifies  of  spher- 
ical construction,  and  is  l£0  centimeters  in  di- 
ameter. The  frame  of  the  globe  is  const jructed 
of  offico  netting  of  £.54  centimeters  mesh.  This 
frsme  is  made  in  two  hemispheres  and  the  edges  of 
these  hemispheres  are  faced  with  small  rods.  The 
hemispheres  were  then  separately  lined  with  a 
coating  of  asbestos  .1587  centimeters  thick,  cut 
into  segments  so  that  they  would  fit  easily  into 
place,  and  were  secured  to  the  netting  by  small 
wires.  A  second  coating  of  asbestos  segments 
,1587  centimeters  thick  was  placed  upon  the  first 
and  secured  tk   it  by  a  silicon  compound.  The  two 
hemispheres  were  then  placed  together  and  rigidly 
secured  by  metal  clamps,  a  strip  of  asbestos  was 
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tlien  pasted  arouni  the  globe  to  cover  the  Joint 
tlius  made. 

The  Interlau  of  the  sphere  was  then  painted 
with  &  white  paint  called  Naples  Velvet  Finish; 
manufactured  by  the  Outta  Percha  Paint  Co.  of 
Chicago  111.  The  sphere  is  mounted  upon  a  stand 
of  such  a  height  that  it  brought  the  observation 
window  a  convinient  distance  from  the  floor.  The 
upper  hemisphere  is  provided  with  a  hole  in  the 
center  of  the  upper  portion  46.355  centimeters  in 
diameter  for  the  puirpose  of  inserting  lamps  and 
repairing  the  inner  surface.  One  observation 
window  was  provided  in  a  central,  horizontal  po- 
sition from  which  readings  could  be  conveniently 
taken  by  the  measuring  instruments.  This  window 
is  5.08  centimeters  in  diameter  and  is  provided 
with  a  sand  blasted  glass  for  the  purpose  of  dif- 
fusing the  light  from  the  window. 

The  opening  at  the  top  was  covered  by  a  cap 
made,  of  heavy  paper  glued  together  for  the  pur- 
pose of  stiffening,  and  lined  with  asbestos.  This 
cap  was  made  to  conform  to  the  shape  of  the  sphere 
and  was  provided  with  a  small  hole  in  the  center 
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to  allow  tiie  cor4  for  supporting  the  lamp  and 
and  the  terminal  wires  tc  enter  tiie  sphere. 

The  first  screen  used  in  the  investigation 
of  the  Globe  Photoiieter  was  made  of  sheet  iron 
l£.3e25  X  £0  centimeters  in  size  and  was  painted 
white  with  the  same  paint  that  was  used  for  the 
interlvr  •f  the  Glohe.  The  second  shade  v/as  made 
of  a  whitish  translucent  glass  10.16  X  20.32  cen- 
timetres in  size.  Both  of  the  screens  used  were 
,1587  centimeters  thick. 

The  brightness  of  illuirination  of  the  window 
v,-as  detennined  by  the  application  of  a  photwaet- 
rical  bench,  located  outside  ot   the  window,  in 
linewiQithe  beam  of  light  from  it.  The  screen 
used  for  this  purpose  was  a  Lummer-Brodhun  manu- 
factured by  Queen  &  Co,  The  scale  by  which  the 
various  readings  were  determined  was  stamped  upon 
one  of  the  supporting  bars  of  the  bench  immedi- 
ately below  the  movable  screen  and  was  divided 
into  £50  centimeters  or  units,  each  unit  being 
divided  into  100  parts. 

The  walls,  ceiling  and  floor  «f  the  rocoi  where 
the  investigation  was  carried  on,  and  all  objects 
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within  tlie  room  were  either  painted  black  or 
screened  from  the  light  of  either  source  by 
black  cloth,  All  external  lights  being  excluded, 


o_^ 


MANIPULATION  OF  APPARATUS. 

The  mean  spherical  candle-power  of  the  carbon 
and  tantalum  lamps,  bare  and  also  wltk  Holophane 
reflectors  E,  C,  and  D,  were  found  by  determining 
the  actual  candle-power  of  the  lamps  In  a  large 
number  of  positions  in  a  vertical  plane.  These 
values  were  then  plotted  on  on  Polar  Flux  paper 
from  which  the  mean  value  can  be  determined. 

The  lamps  and  reflectors  were  rotated  at  such 
a  speed  that  the  flicker  was  not  noticable,  when- 
ever we  considered  that  it  could  be  safely  done,* 
ai  d  the  readings  taken  every  10° ,  but  where  it 
was  inadvisable  the  lamp  and  reflector  were  ro- 
tated by  hand,  and  the  candle  power  determined  at 
three  different  points  on  each  10**  zone,  and  the 
average  of  the  three  points  was  taken  as  the 
candle  power  on  that  zone. 

The  lamps  used  being  balanced  against  a  Stand- 
ard llO  volt,  16  C.P.  lamp  secured  from  The  Elec- 
tric Testing  Labatory. 

The  balance  was  obtained  by  moving  the  Lummer- 
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Brodliun  box  until  the  light  of  the  standtird  lamp 
WB8  balanced  against  the  test  lamp.  The  potent- 
ial over  the  terminals  of  the  laitps  under  test 
w%s  maintained  by  a  storage  battery,  resistance 
being  inserted  to  secure  the  desired  potential 
for  each  lamp,  m  d  was  maintained  constant  throu- 
ghout the  test, 

A  small  7.49  candle  power  Buckeye  carbon  lamp 
which  had  been  seasoned  was  calibrated  in  one 
position  and  used  as  a  standard,  because  when  the 
lamps  which  had  been  calibrated,  were  placed  in 
the  Globe,  it  was  found  that  the  absorbtion  was 
great.  Care  was  taken  to  insert  the  lamp  as  near 
the  center  of  the  globe  as  possible.  The  screen 
was  then  adjusted  untill  the  luminous  filament 
of  the  lamp  could  not  be  seen  froDi  the  window  and 
then  the  Lummer-Brodhun  box  was  moved  untill  the 
light  issuing  from  the  Globe  was  balanced  against 
that  from  the  standard  lamp. 

The  position  of  the  lamp  within  the  Globe  was 
then  changed  from  the  center  of  the  sphere  by  in- 
crements of  10  centimeters  untill  the  maximum  dis- 
tance above  the  center  was  reached,  and  the  po- 
itioE.  of  the  Lummer-Brodhun  box  was  changed  at 
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each  position  until  a  balance  was  obtained.  The 
method  followed  in  each  case  differs  somewhat  and 
will  be  taken  up  more  specifically  under  each 
heading. 


THEORY 

The   function  of  tke  Olobe  Photometer  le  to 
give  ty  one  obeerration  the  ralue  of  the  whole 
asiount  of  light  emitted  hy  one  illuiDinate  source 
loc&ted  within  the  sphere,  or  as  is  more  famil- 
iarly expressed,  the  mean  spherical  candle-power 
of  the  light  source.  It  has  no  relation  to  the 
light  distribution  in  different  directions,  to 
which  other  ordinary  methods  are  applicable. 

The  general  theory  of  the  Globe  Photometer  is 
as  Follows: - 

It   a  source  of  light  having  a  uniform  distri- 
bution of  candle-power  is  suspended  at  the  center 
•f  a  hollow  sphere,  the  illumination  at  any  point 
of  the  surface  of  the  sphere  is  proportional  to 
the  WMHL   spherical  candle-power,  or  to  the  total 
luminous  flux  of  the  source.  This  is  equally 
true  whether  the  source  of  light  is  placed  at  the 
center  of  the  Globe  or  eccentrically  -  this  re- 
&ult  follows  immediately  from  the  fundamental 
principles  derlred  in  the  following  consideration. 

Suppose  that  the  interior  surface  of  the  sphere 

-  14  - 
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is  covered  with,  a  white,  diffusely  reflecting, 
matt  coating,  obeying  Lambert's  law.  When  the 
sphere  has  such  a  coating,  the  illumination  at 
any  point  of  tha  Imterlor  surface  may  be  regarded 
as  being  made  up  of  two  component  parts,  first, 
tke  the  light  which  falls  upon  the  interior  sur- 
face directly  from  the  source,  and  second,  the 
light  received  from  all  other  portions  of  the 
surface  of  the  sph.ere  after  one  or  more  reflect- 
ions. 

If  the  source  of  ligh.t  is  not  situated  at  tlae 
center  of  the  sphere;  or  if  the  candle-power  dis- 
tribution of  the  source  ef  light  is  irregular, 
the  illumination  due  to  the  first  component  will 
not  be  uniform,  but  the  component  of  illumination 
due  to  reflection  from  other  portions  of  the 
sphere  will,  in  all  cases  be  uniform  and  proport- 
ional te  the  total  flux  of  light  of  the  source, 
ad  Independant  of  the  distril>ution  of  this  light. 
If  now,  the  component  of  illumination  due  to  re- 
flection is  isolated  from  the  direct  rays  of  the 
source,  and  the  value  of  this  reflected  component 
is  determined,  a  measure  of  the  total  flux  of 
light  is  obtained. 
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Thftt  the  illumination  on  any  portion  of  the  inter- 
ior surface  of  the  sphere,  due  to  the  light  ref- 
lected from  any  other  portion  is  independent  of 
the  position  of  the  source,  and  depends  upon  its 
area  and  surf ace. brightness  only,  may  he  proven  i 
in  the  following  manner. 

Suppose  that  the  surface  P,  Figure  I 
Plate  J   to  he  illuminated  by  radiation  from  a 
amall  luminous  area  dA,  whose  brightness  is  B^, 
then  by  the  ordinary  formula,  the  light  received 
by  a  unit  surface  at  P  is  B-j^dA  cosoccosB/I"^  ,  ^^ 
and  B  being  the  angles  which  the  normals  to  the 
respective  surfaces  make  with  the  line  1. 

Now  let  Figure  II  Plate  X  represent  the  spher- 
ical shell  ef  a  photometer  of  radius  r,  into 
which  a  Ismp  is  inserted  for  measurement ,  and 
consider  the  illumination  of  the  surface  at  the 
point  P  produced  by  the  light  reflected  by  another 
small  portion  of  the  surface  dA  at  a  distance  1 
from  the  first .  The  circle  drawn  is  that  central 
section  of  the  shell  which  passes  through  dA  and 
P.  Let  the  light  that  falls  directly  upon  the 
small  area  dA,  from  the  lamp  be  LidA  so  that  LidA 
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integrated  over  the  entire  surface  of  the  sphere 
-   0^,  the  total  light  emmitted  by  fehe  lampo  Then 
tine  intrinsic  bri£;htne88  of  dA,  under  the  assump- 
tion that  the  surface  obeys  Lambert's  law,  both 
for  enission  and  incidence  is  Li;  and  using  the 
expeession  of  the  last  paragraph,  the  light  recei- 
ved from  dA  upon  a  unit  of  surface  at  p  is 

dG^  =  LidA  cos^o/l^. 
Substuting  for  1  its  value  £rcos9  gives 

d©  -  LidA/4r^ 
This  last  expression  gives  the  illximination  at 
the  point  p  due  to  light  which  has  been  once  re- 
flected from  the  laMp  by  the  surface  dA  consider- 
in£  it  as  a  source  of  light ,  Since  the  interior 
surface  is  not  a  perfect  reflector,  a  correction 
must  be  made  or  the  quantity  LidA/4r^  must  be 
multiplied  by  a  factor  k  for  the  particular  matt 
surface  used,  therefore 

de  -  ia:.idA/4r2 
Hence  the  illumination  at  the  point  p  by  once  re- 
flected light  from  the  whole  surface  of  the  sphere 

=  k/4r2/  LidA  =  k/4r2  ©' 
From  this  consideration  it  is  evident  that  the 
illumination  at  P  by  light  which  is  reflected 
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twice  =  (k/4r^)2  O"*- .     So  that  the  total  illuir.in- 
atlon  at  p  due  to  the  reflected  light 

=  ol((  k/4r2  +   (k/4r^)^   +   (k/4r^')3  +   .    .    .) 

where  K  is  a  quantity  whose  value  is  determined 
by  the  dimensions  of  the  sphere,  emd  the  quality 
of  its  internal  surface.  This  quality  is,  in 
fact,  the  constant  of  the  instrument. 

The  absence  of  any  variable  distance  or  angle 
in  the  equation 

4©^  -  LidA/4r2 
shows  that  this  illunination  is  independant  of 
the  location  of  the  area  dA.  Therefore  each  ele- 
ment of  the  surface  of  the  sphere  will  contribute 
an  intensity  to  the  point  P  which  is  directly  pro- 
portional to  the  illumination  or  flux  of  light 
which  it  receives,  so  that  by  screening  the  dir- 
ect rays  of  light  from  the  small  area,  the  re- 
maining illumination  of  the  area  at  the  point  p 
will  therefore  be  proportional  to  the  total  flux 
of  light  falling  upon  the  interior  of  the  sphere; 
that  is  to  the  total  luminous  flux  of  the  lamp 
which  the  sphere  incloses. 
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The   atove  consideration  requires  tliat  tlie  surface 
of  the  spiiere  Is  perfectly  matt  and  that  the  fit- 
tinge  or  mechanisms  of  the  lamp  shall  not  inter- 
fere with  the  repeated  reflections  by  the  surface 
of  its  own  light;neither  of  these  conditions  can 
be  entirely  met  in  practice.  The  first  condition 
is  approximately  met  by  coating  the  surface  with 
lithophane  (bariuK  sulphate)  or  Zinc  white,  and 
the  second  by  making  the  shell  large  compared 
with  the  lamp. 

The  effect  of  the  presence  of  the  screen  to 
shut  off  the  direct  rays  of  light  from  the  small 
area  is  not  taken  into  account  in  the  theory  of 
the  sphere,  and  introduces  the  only  serious  source 
of  error  in  connection  with  this  method  of  inte- 
gration. The  screen  acts  as  a  disturbing  factor 
in  two  ways,  first,  by  preventing  the  light  from 
certain  portions  of  the  sphere  from  illuminating 
the  window,  this  error  is  partially  corrected  by 
the  light  reflected  from  the  side  of  the  screen 
turns*  towards  the  window,  and,  second,  by  pre- 
venting some  of  the  ra^s  of  light  from  reaching 
the  surface  of  the  sphere  directly.  The  latter 
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effect  is  partially  compensated  for  by  tiie  light 
reflected  from  the  side  of  the  screen  which  is 
turned  towards  the  lamp. 
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EFFECT  OF  THE  VERTICAL  DISTANCE  OF  SOURCE 
OF  LIGHT  FROM  CENTER  OF  SPHERE. 

Ttieoretically  it  is  immaterial  what  the  exact 
position  of  the  source  of  light  with  in  the  glo^c 
Is.  practically  however,  it  is  preferatle  not  to 
p|:ace  the  source  of  light  in  the  exact  center  of 
the  glohe,  because  the  apparatus,  such  as  the  lamp 
connecting  wires  and  the  support,  must  be  intro- 
duced into  the  globe  with  the  source  of  light.  It 
is  therefore  better  to  place  the  so  urce  of  light 
nearer  to  the  wall.  Thus  in  case  of  an  arc  lamp, 
part  of  the  lamp  may  be  outside  the  sphere, thus 
tending  to  eliminate  the  effect  of  the  frame  upon 
the  constant , 

If  the  surface  of  the  sphere  is  not  uniformly 
white,  that  is  if  a  certain  part  of  the  surface 
has  become  darkened  the  constant  will  be  effected 
by  varying  the  position  of  the  source  of  light, 
because  in  certain  positions  the  darkened  spot 
will  receive  more  of  the  direct  flux  of  light  from 
the  lamp  than  it  will  in  some  other  positions. 
Hence  it  will  probably  absorb  more  light  in  some 

-  21  - 


T    10   ,iO>IAr5iI   JAJiTi.V   :^-:   'iO    TO-fT-i:'^ 


0?   j'oii  eiiis'ib'ieiy   cji   jI    ,-iJVj'//od  xLLi^ui^ft.}*i'i9i     .ax 
q:-3BX  o.iJ    «*s   AiiiJii    ^asj u^i^  ...IS  aaJ"  oounosd    ,3cfol3   o;!^ 

^^■Delle  t»J    Ili'V   J'liji.tanoo  ba^   i3^ai»>t^iiiJ  t>:;iooyo   bad 
,J..'-jXl  Ij  'JUI.UOU   iiiiw*^  'io  nox>liaoq  adi  ;;.ix',7iiiV  ^^"^ 

.iio'i'i   J".l3l.l  lo  xx/n   ^rofi'iUi  cj.lJ  to  a'lo-a  svioom    tli.*i' 

.3'^>.L.^iao4  'is^ioo   t*mori   iix   IIxw   oi   na.iJ  i^^mil  u-i^ 

ti^iorj  ai    -M;;xi  cio.ii   i'lo.icji  -^ticAido'iq  ILxv/   ,rx    'iOftoTI 

-   I  ■  - 


-  22  - 
positions  of  the  lamp  than  in  others,  thus  vary- 
ing the  constants  of  the  sphere. 

Since  the  screen  between  the  source  of  light 
and  the  windov/  is  the  only  serious  source  of  er- 
ror in  this  method  tf  integration,  it  will  intro- 
duce a  different  error  for  different  positions  of 
the  lamp,  because  in  some  positions  more  of  the 
direct  rays  from  the  lacp  will  strike  the  screen 
than  in  other  positions.   This  also  depends  upon 
the  distribution  of  the  source  of  light  under  test. 
For  some  positions  of  the  lamp,  the  screen  will 
interfere  with  the  reflected  flxix  of  light  from 
the  part  of  the  distribution  of  the  lamp,  where 
the  intensity  is  a  maximum,  while  in  other  pos- 
itions it  will  interfer  with  the  flux  of  light 
from  a  less  intense  part  of  the  distribution  curve 
of  the  lamp. 

It  ia  also  evident  that  for  some  positions  of 
the  lamp  due  to  the  position  of  screen,  the  flxix 
of  light  of  maximum  intensity,  will  have  to  be  re- 
flected twice  or  more  before  they  reach  the  window, 
while  for  another  position  they  would  not  be  re- 
flected, as  many  times. 
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liie   Curves  on  Plate  II  s^iow  the   effect  «f  tjie 
vertical  distance  of  the   source  of  light  from  cen- 
ter of  spii^ere.  The  curves  were  obtained  using  an 
opaque  screen.  Curve  (0)  gives  the  constants  for 
a  carbon  filament  lamp,  while  the  curve  (T)  give* 
the  constants  for  a  tantalxom  lamp.  The  distribut- 
ions are  much  the  same  hence  the  curves  are  nearly 
parallel .  Since  the  sphere  is  large  and  the  camdle 
power  of  the  tantalum  lamp  is  less  than  that  of 
the  carbon  lamp,  the  higher  value  of  the  constant 
for  the  tantalum  lamp  is  due  to  the  fact  that  more 
light  la  absorbed  in  proportion  to  the  candle 
power. 

At  a  distance  of  27  centimeter*  above  the  cen- 
ter or  about  one  half  the  radius  of  the  sphere, 
the  constant  is  a  minimum  using  the  opaque  screen, 
the  illumination  on  the  window  is  a  maximiua.  When 
the  lamp  is  at  the  top  of  the  sphere,  the  most  of 
the  rays  of  light  strike  the  surface  of  the  sphere 
near  the  lamp,   and  hence  has  more  the  effect  of 
a  concentrated  distribution,  thus  increasing  the 
constant . 
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Cunre  (a)  Plate  VII  was  taken  under  the  same 
condition,  except  tjaat  a  translucent  screen  was 
used.  The  constant  gradually  decreases  as  the 
lamp  is  lowereil,  due  to  the  increase  of  light 
passing  through  the  screen  to  the  window. 


INVESTIGATION  FOR  THE  CONSTANT  BY  VARYING 
THF  ANGLE  TOICH  THE  LAMP  MAKES  RELATIVE 
TO  THE  VERTICAL  AXIS  THROUGH  THE  LAMP. 

It  has  been  pointed  out  abore,  that  the  screen 
between  the  laaap  on  the  tr&nslucent  window  is  one 
of  the  chief  sources  of  error  in  the  sphere  and 
with  the  puiTpose  of  investigating  further  the  in- 
fluance  the  screen  has  upon  the  results,  an  incan- 
dcscant  leap  using  the  same  socket  as  before,  was 
arangied  so  that  the  angle  which  the  lamp  makes 
relative  to  the  vertical  axis  through  the  lamp 
could  be  varied. 

The  tests  were  conducted  with  the  lamps  arrang- 
ed in  a  horizontal  plane.  The  laaup  was  moved  fro» 
left  to  right  starting  with  the  tip  of  the  lamp 
towards  the  screen  and  was  then  moved  by  incre- 
ments of  90°  keeping  the  centatal  port  ion  of  the 
filament  in  the  center  of  the  sphere. 

The  results  obtained  by  these  tests  show  that 
when  an  opaq^ue  screen  is  used  and  the  unobstruct- 
ed light  from  the  lamp  falls  upon  that  portion  of 
the  interior  surface  of  the  sphere  which  is  oppo- 
site the  window,  the  constant  obtained  is  smaller, 
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indicating  that  the  window  is  brighter  than  it  is 
when  the  maximuK  illumination  of  the  lamp  or  tip, 
is  towards  the  screen. 

These  results  indicate  that  the  illntmi nation 
of  the  window  is  influenced  too  little  by  the 
light  which  falls  upon  the  opaque  screen. 

The  probable  reason  for  the  constanjrs  obtained 
for  the  90**  and  the  270**  position  being  smaller 
than  for  the  other  positions  is  because  a  portion 
of  the  fillament  comes  very  near  being  exposed 
over  the  edge  of  the  screen. 

The  extent  of  the  effect  of  the  opaque  screen 
is  shown  by  the  data  given  on  page  10  of  the  data. 
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INVESTIGATION  OF  THE  EFFECT  OF  DIFFERENT 
SCREENS  UPON  THE  CONSTANT 

Prof.  Ultriciit  derired  the  following  rules,  in 
regard  to  the  size  of  the  screen  which  shades  the 
direct  rays  of  light  from  the  window,  from  theor- 
etical considerations.  The  surface  of  the  screen 
Hust  not  he  larger  than  .06  of  the  sectional  area 
of  the  Globe.  The  screen  as  observed  through  the 
measuring  aperture  in  the  Globe,  must  completely 
cover: - 

(a)  The  actual  source  itself  and  its  reflect- 
ors, in  the  case  of  nalced  lamps. 

(b)The  whole  Blobe,  in  the  case  of  lamps  e- 
quiped  with  a  diffusing  globe, 

(c)  The  source  itself,  the  reflector,  and  any 
reflected  images  of  the  source  of  light,  formed 
by  reflection  in  spherical  or  elliptical  glass 
globes,  in  the  case  of  lamps  equipped  with  clear 
glass  globes. 

In  any  case  the  dimensions  of  the  screen  must  suf- 
fice to  prevent  the  possibility  of  even  the  outer 
edges  of  the  window  of  observation  being  exposed 
to  the  direct  rays  from  the  source.  He  further 


aiiJ'  oabsiis   cioiiw  nsaioa  alJ"  "to  asia  ^J.io   o<}  b^A^9t 

nsai'ja  siJ'  lo  iiOJi^i-c/a  adT  .  eaoiJiiioxilanoo  lAolJ'd 
as'ie  Lcir.oJtJ"Oi.8  sulS-  'io  1C,  rt-ofil  labial  bcf  J'on  J-aifia 
3d:f  d;^!/©"!^!  i)97~ia8cfo  aii  iiss-ioa  bJT     ,9cfoI0  sdf  to 

-Jofllltii  8,ti   Liiid  llaed"i   90'ij.fOH   LtiuS'ja  edT     («■ 
.atliHiiX   D9>Laa  lo  oa«o  9.;J^  ni   ^a^o 
-3      c>i.iUii    io   atuio   UwJ   ui    ,s»doia  oXOiiw   ailT(<i) 

■<ta«  J#ai4  «ioJoeIlf3i  t#JJ'  ,1138 Ji  QO'ti/oB  bdT     (o) 
ijsiino'i   ^J^itUX  lo   iioii/os  3:iJ-  '5o   e3,;ijj.ai  JjsJoaXla'i 
enslj   iJioJit,iiLlii  lo   Xiio  t'lf^.iqa  iii   noX:rodXlan  ^d 
'liidXo    iJiw  u8qiitfi)»  8<5[iiffjX  lo   98jt>o  'ji^J'  iii   ^BacfoXja 

.QSdoX'i  aa^Xj 

-1i;q   J-aara  noaioa  exid"  lo   anolansTiXj  ortj  aaao  yiaa  nl 

1©5"iJ0    9ilJ    itaVb   lo    ■^:.tlXi^:fi8t»0q    tt.ij     J-iiavsitq    oJ-    i>oil 

^»8oq>.(>  3aiacf  nolJ'^vi&bJo  lo  wouixirt'  y-iJ^  l^o  atjjijsi 

isd&iu'i   8H     .ttu'iuoa  ouj    aoil   aval   J^oa'ixi)   o:iJ-  o.t 


-  28  " 
states  that  for  the  above  to  hold,  the  radius  of 
the  circle  formed  by  the  plane  of  section  has 
been  assuxaed  to  be.4r.  In  any  case  it  should  not 
be  smaller  than  the  diameter  of  the  luminous 
source,  and  not  greater  than.Sr 

From  a  study  of  the  curves  on  Plates  VI  and 
VII ,  it  is  evident  that  the  screens  do  have  a 
slight  effect  upon  the  constant , 

The  results  obtained  by  using  a  20  candle- 
power  tantalum  lamp  and  both  white  and  transluc- 
ent screens  are  platted  on  plate  VI .  In  the  case 
of  the  white  screen  shown  by  Curve  A  Plate  VI, 
the  constant  which  the  reading  obtained  at  the 
window  must  be  multixilied  by,  to  give  the  mean 
spherical  candle-power,  is  a  maximum  at  the  center) 
that  is  the  illumination  of  the  window  is  a  min- 
imum. The  value  of  the  constant  for  this  position 
being  263.7  and  the  value  of  it  decreases  as  the 
distance  above  the  center,  giving  the  minimum 
reading  of  220  at  about  26  centimeters  above  the 
center,  from  this  point  the  constant  increases 
again  to  the  value  of  252  at  50  centimeters  tfoove 
the  center.  The  reason  for  this  variation  has 
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been  explained. 

In  the  case  where  the  translucent  screen  v/as 
used  shown  ty   Curv^a  B  "Plate  VI,  the  constant  was 
1?7.S  "being  35.5  units  less  than  it  was  for  the 
v/hite  shade  at  the  central  position,  the  value  of 
the  constant  gradually  increased  as  the  distance 
from  the  center  increased  and  hecame  parallel  to 
the  curve  given  "by  the  white  screen,  giving  a  max- 
imum of  244  at  50  centimeters  above  the  center. 
These  curves  cannot  he  accurately  compared,  since 
the  size  of  the  two  screens  is  not  the  same  and 
it  is  very  difficult  to  set  both  screens  so  that 
they  occupy  the  same  relative  position  with  refer- 
ence to  the  light  source. 

The  probable  reason  for  the  divsrgance  of  the 
two  curves  is:- 

(1)  Some  of  the  light  which  strikes  the  trans- 
lucent screen  passes  through  and  strikes  the  win- 
dow directly,  thus  decreasing  the  value  of  the 
constant.  This  amount  is  a  maximum  at  the  center, 
and  as  the  lamp  and  screen  are  raised,  the  posi- 
tion of  the  s(ireen  relative  to  the  lajfp  changes, 
or  the  screen  falls  behind  the  leump  ariu  the  rays 
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of  light  which  now  strike  the  window  by  passing 
through  the  screen  are  fewer,  hence  the  constant 
will  approach  the  value  obtained  by  the  use  of 
the  white  screen. 

These  same  experiments  were  repeated  with  a 
carbon  f ilinient  lamp  of  21 ,2  candle-power  as 
shown  by  the  curves  on  Plate  VII.  and  a  lower 
value  of  the  constant  is  obtained  with  the  white 
screen  fCurve  A)  than  was  obtained  in  tce  pre- 
vious case,  as  would  be  expected  since  the  illum- 
inant  source  is  larger  than  in  the  previous  case. 
The  value  of  the  constant  obtained  is  9  units 
less  at  the  center  and  at  50  centimeters  above 
the  center,  than  was  obtained  with  the  same 
screen  using  the  tantalum  lamp.  The  maximum  di- 
ver^ance  is  abtatned  at  about  25  centimeters 
above  the  center.  In  the  case  of  the  translucent 
screen,  the  curve  nearly  coincides  with  the  corre- 
sponding curve  obtained  with  the  tantalum  lamp  at 
the  center  but  gradually  diverges  from  it,  cros- 
sing curve  A  Plate  VII  twice. 

These  results  indicate  that  the  distribution 
of  the  rays  of  light  affects  the  value  of  the 
constant  to  some  extent.  It  is  also  probable 
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that  the  color  of  the   lieht  will  cause  a  vari- 
ation in  the  constant , 

The  data  from  which  the  above  curves  were  plot- 
ted will  lie   found  on  pages  8,  11,  and  13  of  the 
data. 
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EFFECT  OF  ARC  LAMP  FITTINGS. 

The   Introduction  of  th.e  ^rc   lamp  frame  and 
globe  into  thie  sphere,  increases  the  constant  of 
the  sphere,  because  these  psurta  absorb  enough 
light  to  reduce  the  ill\uaination  upon  the  window 
materially. 

To  eliaalnate  this  error  we  obtain  the  con- 
stant of  the  sphere  by  use  of  an  incandescent 
lamp  standard,  after  the  arc  lamp,  had  been  placed 
in  the  position  it  would  occupy  during  a  test. 

The  distance  from  the  center  of  the  sphere  was 
varied,  and  the  Curves  of  Plate  VIII  were  obtained, 
The  difference  between  curve  (A)  and  curve  (B)  is 
due  to  the  absorbtion  of  light  by  the  arc  lamp 
fittings  and  is  represented  by  curve  (C),   That 
is  curve  (C)  represents  the  increase  in  value,  of 
the  constant  due  to  the  arc  lamp. 

As  the  distance  of  the  arc  lamp  from  the  center 
of  the  sphere  is  increased  the  absorbtion  of  light 
>^  the  arc  lamp  frame  becomes  less,  due  to  the 
fact  that  part  of  the  arc  lax&p  frame  passes  out  of 
the  sphere,  thus  reducing  absorbtion  of  light. 
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TOien  the   source  of  light  of  the  arc  lamp  is  at 
the  top  of  the  sphere  the  frave  has  practically 
no  effect  upon  the  constant,  because  it  is  out- 
side of  tne  sphere.  Since  the  arc  lamp  frame  is 
hlack  this  accounts  for  the  considerahle  differ- 
ence of  the  constant  as  shown  "by  the  curves.  If 
the  arc  laaap  Wcts  painted  white  it  would  have  less 
effect  upon  the  constant.  The  arc  lamp  globe  not 
only  interfers  with  the  direct  rays  but  also  with 
the  reflected  rays.  The  larger  the  sphere  the 
less  will  be  the  difference  of  constant  due  to 
the  introduction  of  the  arc  lamp. 
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DISCUSSION 

In  usingthe  Globe  I^otometer,  entire  reliance 
must  te  placed  upon  th.e  "substitution"  metiiod.  of 
photometry.  Correct  design  is  important  wjaere 
tb.e  lamps  to  be  used  rary  In  type,  size,  and  dis- 
tribution charact eristics.  The  correct  design  of 
the  screen  is  ver;^'  important,  as  the  accuracy  for 
different  types  of  lamps  depends  upon  the  size 
and  shape  of  the  screen. 

Experiments  carried  out  in  Germany  have  shown 
that  the  diameter, of  the  Globe  Photometer,  which 
is  only  intended  for  the  measurements  of  the  mean 
spherical  candle-power  of  glow  lamps,  should  be 
from  .6  to  .8  meters.  But  if  the  globe  is  intend- 
ed for  the  measurement  of  arc  lamps,  it  is  advis- 
able to  have  a  diameter  of  from  one  and  one  and  a 
half  meters  to  two  meters. 

It  is  evident  that  for  large  sources  of  lij|ht, 
large  diameters  are  necessary,  so  as  to  render 
the  dimensions  of  the  light, source  small  in  com- 
parison with  those  of  the  globe,  thus  reducing  to 
a  minimuB  any  source  of  error  due  to  the  size  of 
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tte  lamp  tested. 

It  is  not  thougiit  tliat  increasing  tLe  diameter 
above  tw<P meters,  increases  the  accuracy  enougn 
to  compensate,  for  tlie  extra  cost  and  space  occu- 
pied. Large  globes  are  not  well  adapted  for  the 
measurements  o|^b.e  mean  spherical  candle-power  of 
glow  lamps,  because  the  illianination  at  the  win- 
dow becomes  low.  The  per  cent  absorbtion  is  also 
larger  for  very  small  lam-ps  in  large  globes. 

The  illumination  at  the  observation  window  may 
be  shown  to  b*  inversely  proportional  to  the 
square  ot   the  diameter  of  the  Globe  Photometer. 

The  more  uniform  a^d   lasting  is  the  light 
reflecting  coating  on  the  interion  surface  of  the 
sphere,  the  greater  will  be  the  accuracy  and  the 
smaller  the  variation  of  the  constant  of  the  globe 
in  the  course  ®f  time.  In  order  that  as  great  a 
per  cent age  as  possible  of  the  light  falling  upon 
the  interior  of  the  globe  may  be  reflected,  the 
coating  must  be  composed  of  some  white  material. 
For  this  purpose  barium  sulphate  or  zinc  white 
may  be  used.  Either  of  these  materials  reflect 
about  seventy  five  per  cent  of  the  light  falling 
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on  them.  But  as  the  coefficient  of  abaorbtion 
for  barium  sulpiiate  is  apt  to  change  under  the 
influence  of  certain  kinds  of  light,  zinc  white 
seems  to  be  the  best  adapted  for  use  as  the 
coating. 

The  coating  must  not  only  be  white,  but  Biust 
present  a  dull  matt  surface,  without  any  sign  of 
shininess;  otherwise  the  true  diffused  reflection 
of  light,  upon  which  the  theory  of  the  Instrument 
depends,  is  not  obtained  and  the  coefficient  of 
regular  reflection  enters  into  the  problem. 

As  the  surface  of  the  sphere  becom:es  darker 
with  use,  there  is  a  corresponding  increase  of 
the  constant ,  So  long  as  the  darkness  ia  uniform- 
ly distributed  it  should  have  but  little  influ- 
ence on  the  accuracy  of  measurement.  But  since 
the  dust  settles  on  the  lower  part,  it  is  not 
likely  that  it  will  bver  be  uniformly  darkened. 

In  practice, the  integrating  sphere  has  been 
found  to  be  a  very  practical  device,  possessing 
the  following  advantageous  features :- 
Simplicity  of  Construction.-  The  parte  arc  few 

and  easily  built .  Therefore  the  instrument 

is  entirely  free  from  the  comijlication  which 


a/.o'  'x;:-ijflu  s^ifiiiiit)  oJ   ctrris   ei-  &^"^*  x^c.i  ■'•   .lujiiiic'  lot 

iiCis^o&ns'J   iji-iHulllu   (ikry-1-    v  ■:    eaivvis.:.  "t-o    ir.r.f,nxniiUi 
Jneau'i.teni   s^lJ'  "to  •'yio'^ .--    ioldvf  r..;  ...    ,.—.^11  1u 

ij.'iii.L   BijCwoiiO    ai£».i.'js   0.1-   to   CjOi»1iuG   c^r.J  a  A 

..nc'iiiijj  ai   C8afl:itjui;  o:iw    e^  i^aol  o2      ,  J'i'u.wQnoa   t,'*!^ 

au.ue   Ji-'E     .  Jii9aaixfUA;£.ai  lo  --iOt.'iijyoii  biiJ   r:'j  etjni; 

Jon  GX   JX    ,J"u;vi  'lowol  uuw   no   c&IJ^oe   J"eux"-   Si.;! 

, tj(ji.i9A'i4iu  •\cli3no*irt0  so'  lovef  .i  liw  J'x  J^^riJ  \;I&3lli 

-:a»*iifcr*i&1:  ef;o6jA.*d'aoVJb<i  iinlwo  IIo^  srU 
wt'i  iJiB  eJ-t«q  uiiT  -.noiJojjiJ-eno'J  to  '{,j-xtixx.ii:;xa 
Jnu.ifiriJ-ani   o  .j   molwioa'T     .-(.tjucf  '^LJ:p.*iO  firui 


-  37   - 
iias  "been  the  bligiit   of  otlier  integrating 
Photometers. 

The  parts  do  not  Require  Adjustment:-  A  correctly 
designed  sphere  does  not  need  adjustment.  The 
character  of  the  interior  surface,  is  however, 
liable  to  change  and  the  coating  may,  there- 
fore,have  to  be  renewed  form  time  to  time.  The 
only  attention  required  is  occasional  cleaning 
to  prevent  dust  from  destroying  the  surface 
for  photometric  purposes. 

Elimination  of Breakage  due  to  Rotation  of  Lamp:- 
This  is  a  very  important  item  as  those  who 
have  conducted  tests  apon  metallic  filament 
lamps  can  attest. 

Greater  Facility  in  Arc-Light  Tests;-  All  effects 
due  to  the  wandering  of  the  arc  are  minimized 
since  the  total  flux  of  light  is  utilized  in 
the  integration. 

Absence  to  Flicker  due  to  Rotation  of  Lamp:-  This 
fact  means  greater  accuracy  and  that  less  time 
will  be  required  in  photometric  settings. 

May  be  Used  in  a  Light  Room^  where  Necessary: - 

This  fact  renders  it  possible  to  use  the  spher* 


f.J-Of/r;       Xi'\   -:  ■.iJ-'J'iA   ::i    ^^Jiliois'i  *lt;J*i<»1{: 

i)9:;irKini;;i  eiii  o'u:   :.,  J-  'lo   :inii^brui^  u:i^  ocf  o;j^ 

.a3nxJ.7»u  oxi JtaioJoiSij  ni  asiijjpyi  ejc   lix'.v 


-  38  - 

where  other  photometers  could  not  be  Imployed 
becauea  suitable  dark  rooma  are  not  to  be  iiad. 
Higher  Accuracy  than  other  Integrating  Photometers: - 
A  number  of  causes  contribute  to  this  greater 
accuracy.  It  is  supperlor  to  photometers  of 
the  Mathew's  type,  in  that  it  gives  a  true  in- 
tegration of  the  light  rather  than  a  sxommation. 
In  the  Mathews  type  of  photometer  some  import- 
ant ralues  of  the  liaminous  intensity  of  the 
lamp  may  be  omitted  altogether  and  have  no  in- 
fluence upon  the  results  while  in  the  Globe 
Photometer  all  values  of  the  luminous  intensity 
of  the  lamp  are  talcen  into  account  „ 
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CONCLUSION 

In  conclusion  it  may  be  well  to  state,  for 
what  peirticular  kinds  of  meaaurements  the  Globe 
Photometer  is  especially  adapted.  In  the  case  oJf 
the  measurement  of  the  light  emitted  by  arc  lamps 
tiie  Globe  Photometer  is  worthy  of  special  mention. 
The  determination  of  polar  curves  of  distribution 
of  light  and  the  deduct iom  of  the  mean  spherical 
candle-power  or  mean  hemispherical  candle-power 
from  thea  not  only  requires  the  expenditure  of 
considerable  time,  but  also  a  very  competent  ob- 
server.  These  quantities  can  be  obtained  direct 
by  the  use  of  the  Globe  Photometer  by  means  of 
one  or  two  single  measurements.  The  influence  of 
different  potential  drops,  or  different  varieties 
of  carbons  upon  the  mean  spheric^  candle-power 
of  an  arc  laap  can  be  determined  in  a  comparative- 
ly short  time.   The  Globe  Photometer  is  therefore 
especially  convinient  for  the  comparison  of  dif- 
ferent kinds  of  carbons  in  the  s^e  lamp  or  of 
different  kinds  of  lamps  with  the  same  pair  of 
carbons . 
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Ot]aer  sources  of  ligh.t  can  te   quickly  and  easily 
tested  in  tke  Globe  Photometer,  and  the  size  of 
the  lamps  which  can  thus  be  tested  is  limited  only 
by  the  diameter  of  the  Globe.  It  is  not  consid- 
ered that  the  measurement  of  the  light  emmitted  by 
lamps  burning  combustible  substances  will  be  af- 
fected appreciably  by  the  alteration  in  the  con- 
dition of  the  atmosphere  in  the  sphere ^  if  openings 
are  provided  which  insures  abundant  ventilation. 

The  practical  value  of  the  Globe  photometer  is 
thoroughly  appreciated  in  Germany,  and  it  may  be 
confidently  stated  that  this  instrument  will  re- 
ceive the  attention  which  its  superiority  warrants, 
in  other  countries  in  the  near  future. 
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Illuminating  Engineer,  London.  March  »08 

page  ^28, Vol.] 

Mean  Spherical  Candle -Power  and  its  Measurements. 

The  Illuminating  Engineer,  N.Y.  Vol, VI, 
1906-7  Page  738. 

On  the  Theory  of  tjjie  Globe  Photometer. 

Illxuninating  Engineer  .London.  July,  L$08 

page  553, 
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Tlxe  Globe  Photometer. 


Th.e  Illviminating  Engineer,  N.Y.  Vol. VI, 
1906-7  Page  481. 


Tlie  Globe  photometer. 
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OALIBRATION  OF  INSTRUMENTS. 

Weston  Voltmeter.  #4398    (0  to  150)  &   (0  to  15) 

StHndard  Voltoieter. 

108  108.9 

100  100.9 

Weston  Voltmeter  #4394    (0  to  150)  ft   (0  t«  15) 

Standard  Voltmeter 

103  103 

100  100 

Weston  Ammeter.  #113  (0  to  2) 

Standard  Ammeter 

.5  o58 

1.0  1.022 

CALIBRATION  OF  LAMP  STANDARDS. 

Carbon  Filament  lamp  Standardized  with  Standard 

Lamp  #2638   -  16  c, p.    -  113.3  rolts,   of  the 

Electric  Testing  Labatory. 

Carbon  filament  lamp  #231 

16  C.P.  -  position  #1  at  100  Tolts. 
16  C.P.  -  position  #2  at  100  rolte. 
16  C.P.   -  position  #3  at  100.2  volts , 

Buckeye  carbon  filament  lamp. 

7.49  C.P.  at  105  volts. 
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DrSTRIBOTIOSr  OF 
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16   c.p.  Lamp  as  Standard. 
Mean  Spiierical  CoP.   -  21.2 
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Of 

CARBON  FILAMJiaiT  LAMP 

with 

TYPB  "B" 

REFLECTOR 
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16  c.p.  ^.ainp  ae  Standard. 
Mean  Spherical  C.P.   -  19.94 
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DISTRIBUTION 

•f 

CARBON  FILAMENT  LAMP 

\ 

Nith. 

TYPE  "C" 

rj:flector 

De£. 
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20 
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15.8 
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11.6 
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11,3 
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155.7 

84.3 

4.7 

160 
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81.4 

4.8 

170 

173.9 

76.1 

3.08 

180 
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1.53 

16  c.p.  Lamp  as  Standard. 
Mean  Spiierical  C.P.   -  19.04 
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16  c.p.  Lamp  as  Standard. 
Mean  Splierical  C.P.   -  19.12 
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TAITTALUM  LAMP 
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16  c.p.  i^amp  as  Standard. 
Mean  Spherical  C.P.    -  17.51 
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TANTALUM 
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TYPE  "B" 
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16   c.p.  Lamp  aa  Standard. 
Mean  SpJierical  C.P.   -  15.34 
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COITSTANTS  OF  SPHERE 

using 

CARBON  FILAMENT  LAMP 

with 

OPAQdE  SCREEN 
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98. ^£S 

03 
OS 

(3) 

0.X5S 

..:*80. 
05£X. 

oe.  ^3 

So.XS 

aa.  ai,3 
sx.e;^s 

09 
09 

(3) 

.woJbxiXw  r.i  aa-flXa  '^fn^jOuXenisTJ  .fjjoilJiT     (ii) 
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CONSTANTS  OF  SPHERE 

using 
CARBON  FILAI^ENT  LAMP 

witii 
TYPE  "B"  REFLECTOR 


Dieto  from       Dg  D^  I^  K 

center 

0        838.2  22.85  .065  306 

10        236.9  23.53  .0?3  270.5 

20        235.3  85.15  .085  233.5 

30        234,8  25.65  .089  233 

40        234.75  25.70  .090  221.8 

50        235  25,38  .087  229 


CARBON  FILAMENT  LAMP 

witii 

TYPE  "C"  REFLECTOR 


0  236.7  23,7  .075  254.0 

10  235.2  25.2  .086  221.0 

20  233.7  26.7  .098  194,8 

30  233.5  26,9  .100  190,4 

40  233.8  26.6  .09?  195,8 

50  234.5  25,9  .091  209.5 
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af;T0:?ji5:j:  "G"  /igyT 


..I 


d06        .-iCO.      da,S;: 

5,cts      a80.     ax.o7 

SSS        950.      cO.  33 


3.&C3  0 

9.6SS  OX 

C.ctB  00 

6,  i^&3  Oi. 


8.123   0'3C.   OT.cjf^    ev.i-.licl   0^ 


f>32   ?3o.  ef.,as 


?.£;j 


q?;:A.T  TTim'Aji'f  woei-L\o 


:iOTO:T.nJIZ   "0"   ^Tl'T 


ct-aa 

a>c. 

V.i.a 

V.Oi,.-, 

0 

O.IS;:. 

660. 

J,  (ji; 

\4«  0^««^ 

01 

S.i^QI 

8c>0. 

V.b3 

V.6.',3 

OS 

f^.OGI 

001. 

G.aii 

a.6f;s 

0£ 

s.aei 

v^:o. 

o.as 

8.i<:;3 

Oi^ 

-;. '  n  ; 

i':'0. 

o    ~  -• 

r,  -his. 

05 

CONSTANTS  OF  SPHERE, 

using 
CARBOI^  FILAMENT  LAMP 

witii 
TYPE  "D  "  REFLECTOR. 


t,  frwa 
center 

^. 

I^x 

^x 

K 

0 

£36.35 

24.1 

.078 

245.2 

10 

835  .25 

25.2 

.085 

22E.3 

20 

234.10 

26  o3 

.095 

201.3 

30 

233.65 

26.9 

.098 

194.0 

40 

234.00 

26.4 

.096 

199.2 

50        234.70       26.7        .097  196.5 

VARYING  HORIZONTAL  ANGLE 
CARBON  FILAMENT  LAMP 


Angle 

0  236.0  24.45  .0805  263.6    (a) 

90  235.4  25.05  .0849  250 

180  235,6  24.80  .0825  257        (t) 

270  235.5  24.95  .0843  251.6 


(a)  Lamp  tow&rds  window. 

(b)  Lamp  turned  away  from  window. 
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AcMw 


TT 

I 

51 

«^ 

MOlt    .  cTalfT 

-V 

a 

it^ii^v 

8.  5*^S 

8  TO. 

I.>3 

af^.SoS 

C 

0,3.3.:. 

r.3C. 

.-i.  '32 

ea.  cts' 

01 

&.iOS 

a^c. 

^;,3a 

0I.*c.3 

Oo 

O.i^Ol 

av.o. 

Q.3C, 

as.?>ts 

OS 

a.Qei 

(^on. 

^.Qd 

oc.i^..^;s 

0^ 

ci.aci 

7  (-;o , 

V.33 

nv.*^.'j 

or. 

ajDKA   jATTffi.^I.lon  OWIYtIAV 


^0.1    TUHMAJI''!  ^lOeil'kO 


oa  ■     -ei^^o.     ^o.a:^ 

(u)         ?eS        5S50.      OS.i^S 

5.122      ixvHo.     r.e.i'S 


:-  i;,s£lA 

O.cr.^ 

0 

1^.  G^.3 

oy 

3,6£S 

081 

a.  ef,s 

0751 

-   0£ 


CQBTSTMTS 

using 

TRANSLUCENT      SCREEKT 

CARBON     FILAMENT  LAMP 


Dlat,  from 

center 

D. 

D 

X 

X 

• 

X 

z 

0 

S31 

.4 

29, 

.05 

.118 

179 

10 

£31 

.9 

28 

.55 

.113 

187, 

.5 

20 

"232 

.9 

27 

.55 

.105 

201, 

.6. 

30 

233 

.1 

27 

.35 

.103 

203. 

.0 

40 

233 

.8 

26 

.65 

.097 

218, 

.2 

50 

234 

.6 

25, 

.94 

.091 

232. 

.0 

CARBON 

FILAMENT  LAMP 

with. 

T^PK 

"B" 

REFLECTOR. 

0 

234 

,4 

26, 

.05 

.106 

188 

10 

234 

.2 

26, 

.65 

.094 

211 

80 

234 

.7 

25 

.75 

.090 

222 

30 

234 

.8 

25 

.65 

.089 

223, 

.5 

40 

234 

.8 

25 

.65 

.089 

223, 

.5 

50 

235 

.2 

25 

.25 

.086 

231 
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LTVATPMOO 


aioil    ,  leifl 

3r 

I 

ft 

.ri 

•JsJ-nco 

>: 

X 

• 

evi 

SIX. 

50.  G3 

^.  it-.':^ 

0 

3.V6I 

Ill, 

55.  53 

'9.XSS 

OX 

a.ioa 

iOl. 

as.  ?s 

e.:.cs 

OS 

0.c>OU 

<.Ci. 

as.Yi 

I.  £63 

Cc 

a.  81^ 

veo. 

ca.  6^ 

a.e.6ii 

Oi' 

c.ac-.a 

LGO. 

*.e.  ?.a 

S.  I'i.a 

oa 

«1MJ  nr^AJIT     TlOaiiAO 


68  X 

-box. 

so.aa 

#.i^6^ 

c 

tea 

^00. 

.^.e.  33 

S.i'tS 

ox 

VJV^tJ« 

O'vi'O. 

av.as 

Y.ioa 

oc: 

a.ta;-.; 

euo. 

aa.  au 

e.*^.s 

0*'i 

a.£sa 

^?iO. 

CO.  uo> 

8.^3 

Oi- 

X£S 

ObC. 

33.  C.3 

a.atij 

02 

XI 


CONSTANTS 

using 

TRANSLUCENT      SCREEN 

CARBON  Fn.AMENT  LAMP 

witJa 

TYPE  "D"   REFLECTOR. 


Diet.  I>,             Djc  Ix  ^ 

0  232.0  28.45  .120  171.5 

10  232.2  28.25  .110  172.5 

20  233.2  27.25  .102  186.5 

30  233.8  2&6.5  .097  196.2 

40  234.4  26.05  .093  206.0 

50  235.0  25.45  .088  217.0 


CARBON  FILAMENT  LAMP 

witH 

TYPE  "C  REFLECTOR 

0        232.6  27.85      .107  177 

10        232.6  27.85      .107  177 

20        233.5  26.95       .123  155 

30        233.8  26.65      .099  191 

40       234.4  26.05      .093  205.5 

50       234.9  25.55      .088  216 
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3 


STT'lATailOO 


.i'l 


a.xvi 

OJ.L, 

Si'.  5S 

0.3f.S 

0 

3.  a?  I 

OIX. 

as!  8a 

::i.i:6a 

01 

a.  351 

;^ox. 

aii.  V2 

^.u.e. 

OS 

3.051 

veo. 

.^..  a.03 

3,tj.i:> 

0£ 

o.^s 

oSO. 

'10.33 

^.  I'i/-.! 

0* 

O.rLS. 

530. 

a*'.  oS 

o.s^;a 

0'3 

VTX 

vex. 

56.  YS 

a.iicss: 

n 

NtX 

'i'CX. 

ae,  vs 

a,  ii6L» 

ox 

acx 

iiSI. 

26.  as 

e.S53 

03 

IS  I 

e«o. 

oa.  aa 

6.i,oa 

oi; 

a.  503 

oeo. 

ao.as 

^,  K^;;5 

0^ 

3X3 

880. 

65.^3 

y.jt'CS 

oe 

-  ax  - 


CONSTANTS 

f«r 

TANTALUM  LAMP 

uBlnt 

OPAQUE  SCRKM 

.  trvu 

center 

•     ^. 

\ 

^x 

K 

0 
10 
20 

30 
40 

50 

238.0 
2.^V  .1 
236  .1 
236  .1 

236.6 
2,57.6 

P8  ,45 
23.35 

24,35 

24.35 

23. es 

;;:3.85 

.066 
.073 
.079 
.079 
.076 
.069 

263.7 

241 
222 
222 
230.6 

252 

TAKTALUif  LAWP 

ualn/- 

TRAWBLUOERT 

SCHKfJI 

0 
10 
20 
30 
40 
50 

253.6 

235.2 

2i>5,8 
236.3 

237.3 

26.85 
25.25 
25.25 
24,65 
24,15 
23.15 

,059 
.094 
.086 
.082 
.076 
.072 

177,2 
186.3 
202.2 
£15.6 
ir23.6 
244.0 
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CONSTANTS  FOP 

[  svm^RE 

using 

TANTALUM  LAMP 

wi^ii 

TYPE 

"0"  EKyiBCTOR 

TJ-JINSLUC^^T 

SC«J]KtT 

liar. 

»e 

I^x 

T 

r 

0 
10 
20 
30 
40 
50 

235.7 
235.? 
235.0 

236  .4 
236.7 

237  .2 

24.75 
84.75 

24  .:>5 

24.05 

23. 71^ 
i-,3 .25 

.082 

.077 
.075 
.07i-, 

186 

186 

189. 

198 

204 

213 

,5 

TAIiTA^^  Is^}^ 

vitii 

T^PE 

«B"   REFLECT OB 

0 
10 
20 
30 
40 
50 

236.8 

236.7 
237.5 
237.8 
237.8 

l;38.0 

24.65 
23.75 
22.95 
22.65 
22.65 
£2  .45 

.090 
.075 
.071 

.067 
.0C6 

171 

203, 

216 

2h;6 

£26 

231 

.6 
.3 
.3 
.3 
.2 

-  14   - 


M 


with 
TRANSLUOKUT     QCBSXS 

with 


DiPt,   frotv  1)_  XSjj  Ijc  Z 
o«nt«!r 

0  £;S5.3  S?.6,15  .005  i^JB 

CO  £36.0  r.4.45  .OdO  aj7 

30  £36.4  P.4.05  .0??  246 

40  f336.8  33.65  .0V5  2b5 

50  237.5  iiii.96  .f^70  26? 
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OONSTANTS  OF  SPHERE 
OOKTAINIHO  ARC  L>MT» 

OitfvBON  LAMP 


center 

10  237.0 

to  2^S4  .& 

30  83S.9 

40  £33.8 


RS.4S  .0704  'c:&6,b 

25.90  .Oyoa  £35.5 

86.55  .0964  '^^0,^■ 

Ji?.25  .1019  208.0 


of 

ARC  LAVT 


plot.   I'rcBi       I), 
center 

(a)  0  300.3 

(1&)  0  £06.0 

(te)  30  21S.0 

(b)  liO  207.0 


^ 


M.S.C.P. 


52,51 

1.002 

i:oi 

^4.45 

1.115 

£10 

48,45 

.852 

204 

5i  .4-=. 

l.Otic 

aiz 

(  h)     Tltli  translucent   sarssia. 
("b)     Witk  opiique  ecreen. 
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